method of treatment, but is associated with a relatively high risk of local recurrence. [4, 6] Some adjuvant agents, such as hydrogen peroxide, phenol, and alcohol, have been used to decrease the recurrence rates. [7] However, a recent meta-analysis demonstrates that local control was not improved with the use of adjuvants. [8] How to fill the cavity after GCT curettage is an important question. For benign bone tumors, bone grafting is recommended after tumor curettage. Bone cement is used widely in cavity filling and structural reconstruction in aggressive bone tumors and some low-grade malignant bone tumors. [9] Acrylic cementation treatment after curettage immediately stabilizes the affected limb and releases heat during polymerization that may kill the remaining tumor cells. [10] A recent meta-analysis demonstrates that local recurrence is minimal in acrylic cementation patients. [11] Some authors worry that the usage of acrylic cement may damage the articular cartilage and increase stiffness of the subchondral bone leading to degenerative changes in the adjacent joint. [12, 13] No literature confirms that there has been an increased risk of osteoarthritis with cementation following the treatment of GCTs.
Given the multicenter study of filling cavity after GCT curettage around the knee is rarely been reported in any literatures, in this study, we reviewed 136 cases treated by five bone tumor experts from five institutions, which hopefully provides information of great value to orthopedic surgeons and assist them to select the optimal treatment protocol in the process of cavity filling.
mEThodS

Ethical approval
We had prior ethics committee approval from the Institutional Ethical Committee of Jinan Military General Hospital (NO. 200811), and patient consent was obtained for this study. The research was carried out according to the principles set out in the Declaration of Helsinki 1964 and all subsequent revisions. Informed consent was obtained, and the relevant institutional review board had approved the study.
Patients
Five hundred and fifty-two patients with histologically benign GCTs of the bone around the knee were treated at these five institutions from 2001 to 2014, of which 136 patients who accepted curettage following by cementation or bone grafting were retrospectively reviewed. In this study, we included patients with the following criteria: (1) Pathological diagnosis of GCT was definite; (2) GCT involved the distal femur or proximal tibia; (3) no prior treatments of the tumor; and (4) complete clinical, radiographic, and pathologic records. Data extracted from the charts included gender, age, anatomic location of the lesion, Campanacci's bone destruction radiographic classification, fixation, tumor control, surgical complications, follow-up in months, and the Musculoskeletal Tumor Society (MSTS) 93 functional score at the end of follow-up.
The diagnosis of GCT was established based on the clinical data and imaging studies and confirmed by needle biopsy or open biopsy before surgery as well as pathology examination after surgery. Radiographical classification system of Campanacci [14] categorizes the lesion into three grades that Grade I indicates an intraosseous lesion, Grade II denotes an intraosseous lesion with cortical thinning and expansile borders, and Grade III refers to a lesion extending extraosseously and forming a soft-tissue mass. There were 15 patients with Grade I lesions, 63 patients with Grade II lesions, and 58 with Grade III lesions in this series. The MSTS 93 score [15] had been used for functional evaluation at the last follow-up in our study. The MSTS 93 score measures patient activity, including pain, function, emotional acceptance, and supports walking ability and gait. Each of these six variables was assessed on a 5-point scale, giving a maximum score of 30 points. To some extent, higher MSTS score signifies better functional results.
All the patients in this study accepted GCT curettage, after that, some patients accepted bone grafting filling defined to bone grafting group while other patients accepted cementation with polymethylmethacrylate bone cement defined to group cementation [ Figure 1 ]. In these five institutions, GCT curettage was carried out through a large cortical window, which had same length to GCTs. The GCT curettage was done with a similar process including normal-appearing bone was seen after curettage, a high-speed burr was used to enlarge the cavity in 2 mm, and electrocauterization was used for the wall of cavity [ Figure 2 ].
Postoperative reexamination had been carried out for all these patients in this study. As a normal follow-up request, once a month was done in the first half year, after that every 3 months in 0.5-2.0 years and annually after 2 years. The surgical complications consisting of incision infection, postoperative fracture, rejection reaction, and joint fluid leakage were recorded and treated as soon as possible. Local disease control was another important observed target. In the follow-up, for local recurrence suspected by radiographs or computerized tomography (CT), a biopsy was performed to confirm the suspicion. For the patients with GCT recurrence, some accepted repeated curettage and filling while others accepted wide resection followed by prosthesis reconstruction.
Statistical analysis
In this study, SPSS 13.0 (Chicago, IL, USA) statistical software was used for data analysis. All survival data were analyzed using the Kaplan-Meier method. Multiple comparisons of specific values between different groups of result-oriented indicators were performed. The method of analysis of variance (ANOVA) and Chi-square test were used for comparisons and the differences were considered statistically significant when P < 0.05.
rESulTS
There were 86 patients (63.2%) in the bone grafting group while 50 patients (36.8%) in the cementation group. In the bone grafting group, the mean age of 86 patients was 33.4 ± 12.0 years while it was 34.4 ± 12.4 years in the cementation group. No statistically significant difference was found between these two groups (F = 0.099, P = 0.754). Gender difference was not obvious, and no statistically significant difference was found in these two groups (χ 2 = 0.036, P = 0.861). In the 136 patients, 67 GCTs were located in the distal femur and 69 in the proximal tibia. There was no statistically significant difference in the tumor location between the two groups (χ 2 = 0.877, P = 0.378). GCTs with Campanacci's Grade II and III were common in this series. Between these two groups, no statistically significant difference was found in the Campanacci's bone destruction radiographic classification (χ 2 = 3.932, P = 0.140). After cavity filling, some patients accepted fixation with plate (52.9%), some with no fixation (41.2%), and individual patients accepted screw fixation only (5.9%).
No statistically significant difference was found in fixation method between the two groups (χ 2 = 4.227, P = 0.121). The mean follow-up time was 86.5 ± 33.3 months. There was no statistically significant difference between the two groups (F = 2.014, P = 0.158). The detailed demographical data are summarized in Table 1 .
The Kaplan-Meier survival analysis was used to compare the GCT recurrence and surgical complications between the two groups. The result confirmed that cementation was significantly associated with a lower recurrence rate than bone grafting (χ 2 = 4.490, P = 0.034) [ Figure 3 ]. Two of the fifty patients accepted cementation that had delayed infection at 2 and 12 months after operation. Ten of the 86 patients accepted bone grafting that had surgical complications including six patients with infection, two patients with postoperative fracture, one patient with allograft rejection reaction, and one patient with joint fluid leakage. The surgical complication rate was lower in cementation group than in bone grafting group, but this difference had no statistical significance (χ 2 = 2.160, P = 0.141) [ Figure 4 ].
A radiolucent zone between the cement and cortical bone could be found in most patients who accepted cementation. It was usually obvious at the 6 months after operation and without width increase or disappearance [ Figure 5 ]. There was no relationship between a radiolucent zone and clinical symptom in these clinical observations.
The mean MSTS 93 functional score at the last follow-up was 25.7 ± 3.8, with a mean score of 33.4 ± 12.0 years for 86 patients in bone grafting group and 25.6 ± 3.6 for 50 patients in cementation group. Statistically significant difference could not be found in MSTS 93 functional score (F = 2.288, P = 0.133).
Some patients in this study accepted CT and magnetic resonance imaging (MRI) evaluation in the follow-up. The subchondral bone could be observed in CT while the cartilage could be observed in MRI. Although the distance was close between the cement and cartilage, the cartilage damage was not obvious and knee function was normal [ Figure 6 ]. Statistical analysis was not carried out because not all patients accepted CT and MRI evaluation in the follow-up. 
diScuSSion
Treatment options for GCT include denosumab, serial embolization, interferon, radiation therapy, and surgical treatment. Denosumab was a fully humanized monoclonal antibody against the receptor activator of nuclear factor-κ B (RANK) ligand which had demonstrated significant activity in patients with unresectable or recurrent GCTs in bone. [16] Denosumab was approved by the Pure Food and Drug Administration (FDA) for the treatment of adults and skeletally mature adolescents with GCT of bone that was unresectable or where surgical resection was likely to result in severe morbidity in 2013. However, patients did not accept the denosumab treatment in China because the denosumab was not approved by China FDA and the patients' agreement was hard to get. Although serial embolization [17] and interferon [18] had been accepted in the GCT treatment, it was still necessary to perform surgical treatment thereafter. For GCTs of the extremity, surgical treatment was the first option.
Intralesional curettage was the main surgical treatment option for GCTs, [19, 20] although simple curettage of GCT was associated with a high rate of local recurrence. In the recent years, with the application of aggressive curettage technology, which was characterized by the use of a high-speed burr and other auxiliary methods, the GCT recurrence rate had been well controlled. [21, 22] For recurrent GCTs, some authors had suggested resection with a margin or wide margin followed by reconstruction with a prosthesis or allograft. [23, 24] Others had recommended repeated curettage since it resulted in cure in 80% to 90% of cases. [25] Balke et al. reported a re-recurrence rate of 21.7%, with the need for further curettage, with 20.9% of the patients requiring prosthetic replacement. [26] Although wide margin was well known to produce the lowest recurrence rate, it should not be done always because of the benign nature of GCTs and the poor functional results. Many articles indicated that the functional outcomes of curettage were significantly superior to wide resection. [25, 27, 28] Since extensive curettage resulted in satisfactory control of local recurrence and favorable functional outcomes, extensive curettage should be recommended for GCT treatment. Whatever, intralesional curettage helped to preserve joint integrity and maximize function without resorting endoprosthetic replacements.
Consensus was not obtained about how to reconstruct the cavity after curettage. The cavity can be reconstructed with bone grafting, bone cement, or calcium phosphate. Whatever material used, filling was commonly performed to provide structural support and prevent collapse. The advantage of bone grafting was that, if it was successfully incorporated, the reconstruction was permanent, but its disadvantages include difficulty in detecting recurrence, allograft rejection reaction, and the requirement of a bone bank. The advantages of cementation include cytotoxic and thermal effects to tumor cell in operation, immediate full weightbearing after operation and early recurrence detection in the follow-up. However, some surgeons worried the degeneration of articular cartilage in the subchondral region of the weightbearing area. [29] It had been suggested that bone grafting under the cartilage may prevent the thermal damage caused by cementation. However, there were no statistically significant difference in functional outcome when either cementation or bone grafting was used adjacent to the cartilage after curettage. [30] The similar result was found in this study, fifty patients accepted cementation that had same postoperative limb function as 86 patients accepted bone grafting in the mean follow-up with 86.5 months.
Another concern about the use of cementation was a radiolucent zone at the bone-cement interface. In this series, radiolucent zones between the cement and bone could be found in most patients. Mjöberg et al. reported that the radiolucent zone surrounding bone cement may be caused by thermal injury. [31] We agreed with the theory and considered that the special mechanical properties of cement may be another reason. In general, higher elasticity modulus was confirmed in cement than the bone. Concentrating pressure on the bone-facing cement made the bone to be a sclerotic rim. Nevertheless, a sclerotic rim was nonprogressive and did not affect fixation. However, some authors believed that a radiolucent zone might allow micromotion between the bone and cement which might cause fractures. [32, 33] For this present series, no patient in cementation group got postoperative bone fracture while one patient in bone grafting group had postoperative bone fracture. The options of fixation should be decided by the tumor location, tumor volume, Campanacci's grade, and other factors. This study did not focus on it.
It is necessary to alert readers to be aware of the limitations of this study. First, the research interest was on cavity filling but not on the resection methods of GCTs. The authors wanted to alert readers how to choose filling material after GCT curettage. Second, this was a multicentric retrospective study and the patients' treatments were decided by five experienced bone tumor surgeons; consequently, the differences among surgical technologies cannot be avoided. Nevertheless, consensuses of treatments had been made by these surgeons, and postoperative situations of different treatment methods may provide valuable information for surgeons in the decision-making process. Third, the time span of follow-up was large. The minimum follow-up time was 24 months while the maximum follow-up time was 192 months. Nevertheless, most of the local recurrences occurred within 2 years in this study.
The results of this study indicated that the use of cementation after curettage shows promise in limiting early postoperative complications. Compared to bone grafting, the cementation had lower recurrence and easier usage in general. In the follow-up with long time, the patients who accepted cementation had same postoperative limb function with the patients who accepted bone grafting. No additional harm of cementation was found in this study. In light of these results, we recommend cementation after GCT curettage.
